Abstract. Aiming at the phenomenon that the current traffic congestion detection scheme has a long cycle and low efficiency of the information transmission in the city, this paper proposes a traffic congestion detection and congestion information forwarding scheme based on Vehicular Ad-hoc NETwork (VANET) technology. Based on vehicle-to-vehicle communication mode, the scheme first determine the occurrence of traffic congestion, through the congestion similarity theory combined with the communication link quality factors, select the appropriate congestion information forwarding nodes, achieve real-time rapid dissemination of information, reduce the amount of redundant information congestion purposes. Finally, the simulation results show that the proposed scheme has significant advantages in terms of information loss rate, propagation delay and forwarding rate and effectively improve the efficiency of traffic congestion information dissemination.
Introduction
Now more and more vehicles led to severe urban traffic gridlock, which seriously affected the development of the city. In order to improve urban traffic congestion, monitoring and detection technology emerges. When congestion occurs, it is important to rapidly determine the congestion areas, timely transmit of information and take appropriate measures as soon as possible.
The traditional congestion detection methods using a number of techniques to collect traffic information such as roadside magnetic loop detectors, surveillance cameras, wireless vehicle sensors, pressure pads, roadside radar and infra-red counters. These centralized approaches could successfully detect traffic jams, but if the testing equipment damage, some areas could not be monitored. A novel congestion detection technology was coming into view, which is Vehicular Ad-hoc Network (VANET). This technology completes the collection and exchange of information through the wireless communication between vehicles. VANET technology [2] derived from Mobile Ad-hoc Network (MANET), it mainly rely on wireless communication network. VANET is the distributed congestion detection scheme and each vehicle could become the center of network, and could be applied not only to detect congestion, but also has great application prospects in congestion information broadcast. This paper uses the VANET technology and similarity of congestion level, proposed a fast and real-time congestion detection and information transmission scheme. The scheme drew on the trigger detection scheme for traffic congestion and flooding node forwarding optimization programs to reduce broadcast storm.
The remainder of this paper is organized as follows. In Section 2 we give an overview of the most significant related works. Afterwards, we propose the congestion detection. In Section 4, mainly explain the congestion information forwarding nodes selection. The simulation results we present in Section 5. Finally, the conclusion and future work are outlined in Section 6.
Related Work
It is very important that congestion information was collected by VANET. The paper [3] proposes a typical congestion detection method. A neighbor table would be established in each vehicle, recording the vehicles and roads information. The congestion could be quickly detected through the information of neighbor table and congestion detection standards. In this method, each vehicle could become an information network server (INS), but too many communications resources will be wasted vehicle information exchange. We have adopted the triggered detection scheme that the vehicle would start the communication process when congestion occurred. Under normal traffic conditions, vehicle traffic is not too often, the occurrence of a large amount of waste of communication resources can be avoided.
The dissemination of information related congestion is a multi-hop process in the congested area (or road). The appropriate approaches of "jump" need to be selected in order to get the information disseminated from the end to the other end. In paper [4] was introduced to select the intermediate forwarding nodes using multi-hop connectivity. In [5] , the link quality was considered, in order to ensure the success rate of information-based intermediate node selection. The Greedy Perimeter Stateless Routing (GPSR) [6] protocols adopt the "greedy forwarding" scheme, the method selects the nodes that are closer to the destination node or area as forwarders. GPSR was the routing protocol based on the location, its advantage was that the routing protocol is relatively simple, the time delay of information transmission is short, and what was more, there was a good connectivity between nodes. But the shortcomings of GPSR were obvious, for example, the intermediate nodes too much, the overall delay too long and so on. Contention-Based Forwarding (CBF) [7] was also a kind of routing protocols based on the location. The difference was that the receivers were through "competition" to decide who would be the next forwarding node. This method could avoid that the source node information would be forwarded by too much nodes. The competitive mechanism could improve the performance of information forwarding scheme, for example, if the GPSR join the competition mechanism, which will reduce the forwarding node to a large extent. The timer is one of more commonly used in a competition mechanism [8] , according to the routing protocols, the different receiving nodes would be given different forwarding waiting time, the shorter the waiting time, the higher the forwarding priority.
In fact, forwarding node evaluation criteria, there are two main aspects: number of intermediate nodes and communication quality. The number of intermediate nodes has a considerable impact on forwarding delay. If the distance is far, the number of intermediate nodes will be relatively small from one end to the other end. The communication quality is related to the success rate of information dissemination and communication efficiency, link quality is usually used as an indicator of communication quality. The higher the link quality, the higher the success rate and efficiency of information dissemination. In the paper [9] introduced the mechanism of such a choice of forwarding nodes, when the distance factor and link quality factors be considered at the same time, the information dissemination would have very high information transmission rate of success.
The node forwarding scheme in this paper is based on congestion detection, using vehicle density to obtain the similarity of congestion, and to determine an optimal forwarding distance, then we will select a node the most close to this position as a forwarding node, and take the source node congestion information forwarded to other cars around. At the same time, the introduction of competition mechanism and communication quality factors, which reduces communication time between the vehicles, information quantity and the burden on the communication in the premise of ensuring the success rate of communication. In addition, we will also discuss the congestion information dissemination scope and early warning of regional problems.
Congestion detection scheme
To begin with we need to determine the occurrence of congested roads or regions. Common method is to collect the environment information and itself information through own vehicle, and the changes of such information could judge whether the vehicle is in the congestion area or the area is congested roads. The indicators using to detect congestion mainly include vehicle speed change, vehicle density, travel direction, the unit delay and link saturation [10] .The characteristics of the congested roads are generally low speed and high density, so the speed and the density of vehicles is the two important indicators. This paper would mainly rely on the change of vehicle speed, the surrounding vehicle density, the direction of vehicle travel and the location of the vehicle to determine the congestion occurs, these four factors can quickly determine whether the vehicle is in the state of congestion. The definition of congestion is as follows:
F=(S, D, P, Dir).
(
Where F is the state of congestion, S is the changes of the vehicle speed, D is regional vehicle density, P is the vehicle position and Dir is the direction of travel.
Vehicle density refers to the number of vehicles in a region, many articles have introduced traffic density estimation scheme, such as the method of using street number and intersection number SJ ratio to estimate traffic density [11, 12] .
We divide the vehicle speed into three levels: A, B, C. A is the normal speed of the vehicle, C is the speed is very small, and B is a critical speed, the relationship of the speed: A>B>C. We assume that the speed of the vehicles in the congested area less than B, the speed of the vehicles outside the congested area higher than B. Then the conversion process of vehicles speeds from A through B to reach C, which can be regarded as one of the indicators of congestion (not the only standard). For the vehicle density, when the vehicle speed is less than B, the greater the density of the vehicle, the greater the possibility of congestion will be.
Definition 1 (congestion front-end):
In the urban road, if the speed of the vehicle V less than B (namely C) and vehicle density D around in a critical value within a certain period of time, when the vehicle speed from C to B, and continue to rise trend to greater than or equal to B, then we can identify V in front of the congestion, it can represent congestion region of the front-end critical position.
Such as shown in Fig. 1 , if vehicle information transmission radius is R, the vehicles are in R, vehicle density D greater than critical density values, the V1 speed S in C, and then S began to a promotion, passes through the critical value of B. we can determine the vehicle V1 just out of the congested area, and congestion occurs at its rear area. V1 will generate congestion information which record vehicles position, velocity, orientation, density and Congestion judgment result, and send it to surrounding vehicles, the direction of information propagation is opposite direction of car traveling.
Fig. 1. Vehicle travel direction (blue line) and the direction of information dissemination (red line)
As previously defined of the congestion front, we also need to define the end of the congestion in order to determine the congested roads or congestion areas and congestion length. The end of the definition is similar to the definition of the front end.
Definition 2 (congestion rear-end): within a certain period of time, the vehicle speed in a normal state of speed, then slows down to below the critical speed B., vehicle density in the critical density values. At the same time, the vehicles received the congestion information from the front vehicle, then we can determine the vehicle belongs to the end position of the traffic congestion, which we call the end of the congestion.
When congestion occurs, the congestion front-end as the source node congestion information, sent information to the surrounding vehicles, through intermediate nodes constantly forwarding, the information arrived vehicle at the end of the congestion. The congestion rear-end is a processing terminal, it will analysis that road congestion intensity and length.
Next forwarders selection
After determining the congestion, the appropriate scheme of intermediate forwarding nodes selection can shorten the information propagation delay.
The congestion similarity. Generally speaking, vehicle can get their own vehicle density that according to the number of nodes around the vehicle within a certain range. Such as within the communication range, if the vehicle density is large, the vehicles state, environment information, the information received and the congestion strength are more similar. So we call congestion similarity of these vehicles is relatively high. Obviously, for the vehicles of high congestion similarity, their information is similar, if these vehicles are selected forwarding node, which is bound to create a lot of repeated or similar information redundancy. Based on the above theory, we can make such a conclusion: if the source node density is relatively large, the nodes around will have relatively high congestion similarity, at this time we should select the forwarding node as far as possible away from the source node, and vice versa.
Based on the above conclusions, this paper proposes a method of selecting forwarding nodes. This method essentially based on the position, which determined the optimal distance from source node to next forwarding node, and ensure the success rate of information transmission. The nodes of the most close to the optimal distance will be selected as the forwarding nodes, meanwhile we would adopt competitive mechanism to avoid forwarding flooding. For determining the size of the congestion similarity, we must first know the node density of the source node. According to the number of nodes (range of once hop) around the source node, we could determine the node density. Thus, we could determine the level of congestion similarity: the greater the node density, the higher the congestion similarity, the farther the distance between the forwarding node and the source node. The density of each node is different, and the distance from the source node to the next forwarding node is also different. The definition of node density is as follows: D density = (Position, num node , Direction, Lane).
(2)
Position indicates the position of the current node, Num node represents the number of nodes around the current node, Direction is the direction of the node's movement and Lane is the number of lanes.
It is able to determine the level of congestion similarity according to the node density of the source node, and calculate the distance between the source node and the forwarding node, which we call the optimal distance. In once hop communication range, the optimal transmission distance which is calculated according to the density of nodes is less than information propagation distance ideally, so the method can improve the success rate of information dissemination with the effect of the environment and attenuation of signal. The formula for calculating the congestion similarity and the optimal distance is as follows:
C is the congestion similarity, D is the optimal distance, S is the distance of information single hop in the ideal case, M is the maximum number of vehicles within the range S, α and β is adjust parameters.
Node received information from the source node, and which obtain a forwarding probability value according to the distance between two nodes and the optimal distance position, The closer to the optimal distance position, the larger the value of the forwarding probability, the higher the probability that the node becomes the forwarding node. When a node is located in the optimal range, the node's forwarding probability value gradually increase with the distance the farther away from the source node, if a node outside the optimal range, its forwarding probability decreases as the distance the farther away from the source node. The forwarding probability value formula is obtained according to the optimal distance:
D node is the actual distance between the receiving node, the source node. γ is distance weight, and the D is the optimal distance.
The link quality factors.The original purpose of reducing intermediate forwarding node is to reduce the forwarding time and information redundancy, but this method cannot guarantee success rate of information dissemination. In fact, due to external interference, signal attenuation and so on, it is very difficult to ensure the dissemination success rate with a minimum of intermediate nodes.
The success rate of forwarding information must be considered, we get a forwarding probability when calculate the optimal distance finally, that is, the closer to the optimal distance position, the higher the probability that the candidate node becomes a forwarding node. Considering link quality (communications quality), it is also provides a probability that the candidate node becomes a forwarding node actually, the better the link quality, the higher the success rate of information dissemination. So we need to do is that synthesizing these probability factors, and choosing one of the best forwarding nodes based on these aspects. The formula for defining a node's forwarding probability can be defined:
Q is the link quality factor (a probability value), D p is the distance probability, ω p is the parameter between 0~1.
The link quality factors contains many aspects, such as communication signal and the channel quality, transmit power, environmental noise and so on, We mainly use the information dissemination success rate and propagation delay to detect link quality. Firstly, the strength of the received signal, which will have varying degrees of change with distance changes, we will abandon the weak signal, and considering only the strong signal. RS th is the critical value of , RS max is the maximum strength of received signal, Only signals of the strength between RS th and RS max will be considered, namely received signal strength RS∈(RS th , RS max ).
Then the noise factors, SNR is the signal-to-noise ratio, which is the ratio of signal power and noise power.
PLR is the packet loss rate, which could represent information transmission success rate:
With the above theory, we can get the formula of link quality:
Q indicates the link quality that is a probability value, μ is a link quality weight between 0 and 1. According to the forwarding probability values, each node will set different forwarding waiting time. The waiting time of nodes having maximum forwarding probability will be relatively short, thus this node have the highest priority for transmitting, when the forwarding node forwarding information, the nodes received information from the source node, again receive information from the forwarding node, then which will abandon the information of the source node. The formula for forwarding the waiting time as follows:
T is the cycle of information transmission, which is the time to send a message queue. P is the forwarding probability. δ is a random number less than T, and its purpose is to prevent the nodes of the same probability to forwarding information at the same time.
Performance evaluation
In this section, we aim to do the relevant simulation experiments, such as the simulation of urban road by JOSM, simulation of the vehicle node in the mobile process by SUMO, and simulation of the process of forwarding information by NS-2. We would compare the optimal distance scheme and the common in two ways: greedy forwarding and the most distance forwarding scheme.
Simulation setting. To prove the efficiency of our forwarding mechanism, we need to simulate traffic state. Using JOSM and SUMO simulation software, we can simulate the urban road topology and the driving conditions of vehicle, finally we could complete the collection of relevant data. Next, the NS-2 simulation experiments could complete collection of the communication data.
In particular, we implemented and tested these schemes simulator with IEEE802.11p, and selected the most realistic and representative models for vehicular communications. The complete list of simulation parameters is given in Table 1 . Forwarding mechanism evaluation. To prove the efficiency of the optimal distance forwarding mechanism against the other schemes, we set our protocol according to different evaluation index. The evaluation metrics considered are (i) average packet loss rate, (ii) the total delay.
As can be seen from Fig. 2 , the packet loss rate of the three node forwarding schemes is different in different vehicle density. The most distant option scheme, its packet loss rate did not particularly obvious changes with change of vehicle density, the main reason is that the most distance forwarding scheme is only related to the communication range, and not affected by the density of the vehicle. Although the relationship between greedy forwarding scheme and vehicles density is not closely related, but due to the increased density, which makes the increase in intermediate forwarding nodes, and multiple forwarding nodes also would forwarded similar information, with the density increasing and information transmission distance longer, the packet loss rate of the greedy forwarding scheme will gradually rise, without a doubt, it has maximum number of packet loss. Fig. 2 . Average packet loss rate under different vehicle density and length of information transmission
As shown in Fig 3, three kinds of information transmission scheme based on the change of the vehicle density and transmission distance, their total delay will gradually increase. For the most distant forwarding scheme, its forwarding distance is relatively stable each time, so the delay rise would be more stable, that is, the delay increment of this scheme is a constant. To the greedy forwarding, with the increase of density, the number of forwarding node will gradually become more, thus the processing delay and transmission delay will increase significantly.
Fig. 3. Total delay time under different vehicle density and length of information transmission
We can see from the curve of Fig 6, the optimal distance forwarding scheme with the increase of the density of the vehicle, its delay hardly increase. We take advantage of the 20 different transmission distance to draw the curve diagram in the graph, when the vehicle density is 200, and have no regard of irregular fluctuation what is caused because of the random distribution of vehicles, there was no obvious change in the delay of optimal distance forwarding, namely, the greater the density of vehicles, the less obvious the delay increases. The reason is that the optimal forwarding distance would be gradually increased with the increase of the vehicles density, resulting in the scheme would tend to the most remote forwarding scheme, but due to limitations of link quality factors, the optimal forwarding distance increases would more and more slowly with the increase of density, ideally, when the vehicle density reached a certain degree, the optimal distance will stabilize at a value less than the propagation distance.
From the viewpoint of evaluation results of experiments, the advantage of the optimal distance forwarding scheme is that could quickly spread traffic congestion information, small delay, high stability, low packet loss rate, and forwarding nodes are relatively less because of the existence of competition mechanism, therefore, it can very efficient transmission congestion information.
Conclusions
The paper proposed a congestion information forwarding scheme optimal forwarding distance based on the VANET technology. The scheme solve the traffic congestion detection and information transmission, to achieve the optimization of congestion information transmission method. On the other hand, application of VANET technology in terms of traffic is far from fully developed, and with researchers more and more carries on the thorough excavation, we believe that the future of VANET technology in the field of traffic more glory.
